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aUMMABY 


This  memorandum  ©sploifce  ao mo  data  collected  ia  the  course  of  a 
car.eollnd  prcjoci.  &  is  principally  expl oratory, 

eriJlysis  presanicd  in  Skis  memorandum  illustrates  some  of  fan 
manifold  errors  in  military  intelligence.  The  data  aro  dixnm  from  the 
Actions  of  V  OS  Corps  in  Normandy,  France,  between  6  arid  IS  Juno  and  on 
30  June  1344.  Reliable  statist! cal  inferences  canuci  be  drawn  because  of  the- 
paucity  of  materia!  collected  iu  the  allotted  time. 

The  investigation  consisted  of  an  historical  reconstruction  of  the  actual 
Gorman  situation  in  Sfcrmondy,  oellectlca  o£  available  data  from  V  Corps  G2 
records  concerning  tho  enemy,  and  statistical  analysis  of  the  matched  d&ta.  - 
The  analysis  is  based  on  a  four -dimensional  intelligence  model  that  considers 
each  intelligence  target  possesses  oiso,  type,  location,  and  name,  r.-.-irl 
emphasising  that  name  in  useful  cdy  for  the  light  it  throtro  ca  fcfco  structure 
of  tho  enemy  force  and  ths  changes  in  that  force. 

The  fftatiutica!  analysis  indicates  that  there  Is  a  significant  difference 
bofrveaa  the  frequency  of  error  from  one  day  to  the  need;.  ^  Tim®  available 
for  data  collection,  however, (prohibited  tho  time-series  analysis  which 
this  result  indicates  cisoirabla.'^Tiio  implications  of  tho  data  o-amn  to 
reinforce  common  sense  and  military  experience;  that  in^  if  a  retreating 
enemy  brooks  contact,  it  ia  difficult  Jo  know  rfcat  tci.'ou  ho  Is  taking,  Iks 
data  of  thin  study  indicate  that  the  frequeejcy  with  which  elcnricnfB  of  units 
are  identified  as  acilxo  units  and  »ho  frequency  with  r/blcb  units  axe  thought 
to  to  oilser  units  riees  sharply  v/»t*h  contact  is  brofcan  or  r blared, 

Table  X2„) 


His  distribution  of  hit#  and  mlasei ?  for  tins  different  dimensions  cf 
intelligence  can  bo  proeontsd  in  tabular  form  as  in  Table  .12.  Thia  table 
represents  oc!y  infantry  units  In  ix  defensive  attitude.  A  ect  of  such  tables 
based  on  adequate  data  might  provide  a  useful  origin  for  extrapolation  into 
future  operations  by  wy  grmors  and  designers  of  comniand-pcsi-i  enercieo3. 


ributica  of  coma  4,/pss  of 


T2io  purpose  of  this  study  is  to  provide  quantitative  guidance  to  war  gnmorr- 
in  introducing  "realistically"  some  types  of  intelligence  errors  into 
cad  to  intailigsace  analysts  in  estimating  the  reliability  of  collected  batuefit’  1 


intelligence 


RI,  DISCUSSION 


Two  sets  of  symbols  appear  in  this  Foemoranduin.  The  first  cei  of  symbols 
Is  vised  in  the  definition  of  tha  problem  end  the  data  analycis  (Sc®  Section  IV. ). 
Tho  second  set  of  symbols  {See  Section  VH. }  was  developed  by  Raymond  Burros 
for  bin  analysis  of  Gia  World  War  S  data  which  will  bo  published  as  a  COF.G 


Report 


A.  DefirxitiCTi® 


U  «  inventory  of  Bed  units  “  R 


‘33  picture  of  the  Blue  situation 
B„  *  Red  feedback  from  D  — - 


G2  plater*  of  tho  film  situation 
R_  •*  Red  feedback  from  R  (30< - - 


G3  picture  of  the  Bed  situation. 


R_  *  Bluo  feedback  from  R  {R  <- 


Q2  picture  of  tha  Bed  sftucttoa. 


M 

X  R 
in  •*  O 


B  « 


n  »  O 


Each  Bv,  mid  IL,  Is  cheracierirod  by  dimsesicns  I,  e,  i,  and  w 
N  M 

where  s  *  otee,  t  » type,  1  =  location,  aivd  t/  “  csmo  or  numerical  danlgnatiwa; 


B(«.t,l,W)  °CdR(B,t.l.W) 


For  Che  purpose  of  making  combat  decisions  the  Blue  coaurmider  5a 
intaroctod  In  the  size,  type,  rod  geographical  distribution  of  the  opposing  trocpa. 
This  means  a  definition  cl  the  intelligence  inventory  in  terms  of  r,  and  t  io 
eufQciect  where  the  limiting  values  of  dimension  1  ere  defined  as  being  witMr 
an  arc?.  L. 


°B  * 


R/.  .  \ 

O  ;  m* 


In  treating  World  War  II  data.  R  designates  Gorman  units  and 
designates  US  intelligence. 

B.  Assumptions 

1.  fJ.'von  a  JoacnTn  order  of  battle  (inventory  of  names  of  enemy  unite) 
ard  eomo  knowledge  of  enemy  organisation  practices,  the  type  of  i>  raft  can  be 
inferred  from  Its  name. 

2  3  r  b  considered  no  a  dependent  variable  of  a  and  t,  then  w 

oaa  lie  used  te  esti mate  a  rrd  8. 


2 


Let  11  G2  o&tfcmte  ci  the)  average  stz  «ogth  cf  aa  enemy  unit 


w...  number  o£  units  rciiocc  v?.mo  implies  that  they  era  cf 


v?Meh  contains  all  '.oito 


:  •  r.c  '  : . . ' . 1  .. .  •:  ?. 


D.  Burros’  Definition! 


In  Raymond  Burros’  analysis  of  World  War  II  data  only  those  R,.„  were 
treated  which  were  located  in  an  area  I.  in  dimension  1  coauiuting  of  s,  the  US 
Corps  zone  of  interest  which  is  an  area  bounded  on  its  four  sides  by  (1)  the  "front 


(3)  a  lice  parallel  to  the  front  line  at  a  distance  of  30  1cm  to  the  German  rear 


and  (4)  and  (4)  the  produced  lateral  operational  boundaries  of  the  US  corps.  Part 


of  Burros’  analysis  (German  West  Wall)  uses  RR  ao  an  estimate  of  R.  The  re¬ 
mainder  (Normandy)  c?  Burros’  analysis  and  this  memorandum  is  based  (e  a  com 
pari  son  of  R.,  with  an  approxi  mation  of  R  reconstructed  by  historical  methods. 


JJtrrros'  annuls  is  illuahrafod  tqr  the  Voan  diagrams,  Figure  lc  to 


wfeicl» 


A  Gsi'jcr.n  units  par* scot  lsxt  co?  identified 
B  German  uaBs  pri.soat  and  ocrractty  sad  eojcpietsfy  Ide-ur^d 
C  Gsrxrau  naif*  net  present  *^4  icoorrestly  bui  asgnplstety 


(cptirictcj^y)  ld.r'mod 


D  P-ermja  units  inoorap!atg\y  idsafclfied  whether  pres®#  or  u'/ 


Figure  l.  V«m  dtagrcaa. 


If  German  units  are  dccigcfttod  as  Red  units, 
then 


R  *=  A  and 
Br  «  B  -»  C  +  D 


IV.  CATEGORIES  OF  INTELLIGENCE  ERRORS 
A,  Naming  Errors,  Errors  ia  w. 

Equations  2  sad  3  indicate  that  -  given  the  u:.mco  c£  oppc3ir®  units  - 
estimates  c:uj  be  made  of  i'h..  siae  and  type  of  tlio  opposing  force.  The  Burros' 
analysis  coa-aiae  diducfcioriii  oJjouttha  frequency  with  which  each  i  of  or  n-ation 
was  available  to  certain  US  commanders  during  cosoo  World  War  U  actions. 

The  foUov/iiig  analyaia  looks  at  errors  in  s  and  t  implied  by  errors  in  w. 

.1.  Error  T?pt><s 

Dimension  v;  can  be  expanded  into  throe  dimensions.  Components 
of  w  are  number  (name),  series,  and  echolca. 

Nuiabcr  fcame)  idriRiflea  v/hich  member  of  the  inchested  cor  tea 
ia  niusni.  The  snine  cumber  appears  in  different  series.  Exact  identification 
requires  knowledge  of  both.  WLora  cumber  io  known  but  series  is  incorrect  or 
unknown,  matching  must  bo  dene  in  dimension  1.  (C;o  par.  c.) 

Series  implies  t  (time).  Given  number,  the  Gsries  may  err 
in  a$p  -  l)  ways.  (See  par.  a.) 

Echelon  implies  b  (size).  Given  a  nurrber,  the  echelon  may 
also  err  in  nfr  -  1)  ways?.  (3se  ^ars.  a  andb. ) 
a  Series  Errors 

The  n  eeries  for  the  German  army  were  army  regisoont  Al 
infantry  ballaliane,  army  separate  infantry  battalions,  airforce  field  regimental 
Infantry  battallonp,  airforce  fiold  separate  infantry  battalion  o,  SS  regimental 
inf  .,  'try  fca  fcdions,  SO  separate  infantry  battalions,  army  engineer  battalions 

.  .  .  .army  regimental  artillery  battalions . army  regimental  tack 

battalions,  etc.  The  number  of  the  series  exceeds  30,  and  npi  -  1)  =  30  (39)  »  870 
possible  seTies  errors. 
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Sisco  only  the  fty pc  it  impor'Cant,  if  thsao  aeries  are  aggregated 
inlo  four  types  in  dimsnolon  £  -  infantry  {including  reconnaissance  cud  enginaers), 
artillery  (including  thin-skinned  direct  fire  r.eapoaa  and  all  Indirect  lire  r.-eapons), 
armor  (including  all  thick-skinned  vehicles  mounting  cannon),  and  oon-coiabn'c 
units  -  then  a(n  -  1)  =  4  (2)  =  12  possible  errors  in  type. 

Empirical  Data 

Ths  only  cusoe  of  such  misideniifl  cation  observed  In  Nor  mane  / 
in  the  V  Corps  02  periodic  reports  wsro  "largo  concentration  of  inrmcry,  armor, 
ard  artillery"  in  the  Foret  do  Cerisy  on  3  and  9  Juno  (actually  occupied  by  m 
artillery  battalion  (towed)  and  a  divisional  signal  battalion)  and  name  false  rc :  or'  • 
of  tanks,  The  data  were  scattered  and  too  ill-defined  to  permit  any  reliable 
quantitative  analysis. 

b.  Echelon  Errors 

Para  Pro  Toto  ConfuriGOS 

Tfcc  n  echelons  considered  in  tha  study  are  (i)  company,  (2) 
battalion,  and  (3)  regiment.  Than  r.( n  -  1)  *  3  (2)  *  6.  Actually,  the  only  two 
errors  observed  in  the  data  v/ore  (a)  companisu  present  and  thought  to  bo  battalions 
and  (b)  battalions  present  and  thought  to  be  regiments.  Then©  vorc  actually 
identified  units.  The  G2  made  r.  '-‘conservative, :l  "cautious, M  or  “pessimistic11 
estimate.  Bipod  on  the  data  r.vcdlr.ble,  G?2  ootzld  not  b®  gut©  Um t  th©  entire  parcel, 
imit.  was  not  present.  This  typo  of  error  fa  designated  a  oars  pro  tofco  confusion. 

Empirical  Data 

Tfco  number  of  such  confusions  to  ahevna  la  Table  1, 


Table  1. 


DAYS  FN  JUNE  ~  “  "  [*  gT  i" 

8]  9  f  10 

srjiaprs ' 

30 

Total  f 

Company  ioen'ined  as  Battalion 

■ .r  .  .  . 

1  0 

l 

1 

0  1  1 

ji 

0  |  0  |  IS 

o|  0  j  s 

11  |  8  ;  3 

2  i  0  i  0 

_ 1  1.., 

_• 

38  ; 

6 

Total 

*  f  ! 

_i.iL 

C  !  0  ]  is 
_ l - L__J 

is  j  e  j^s 

0 

42 

.-...-J 

Tfc©  number  of  compacija  and  battnlicnfl  in  V  Cccp3  zone  osf  interest  is  given  in 
Table  2. 


Table  2, 


DAYS  I  ?  JUNE 

G 

7  j  9  |  9 

10  |  11 

12 

_ _ 

is 

so 

•  - 

Tote!  [ 

Cnrapanian 

Battalions 

3G 

xa 

1  i 

37  1  52  i  48 

9  [  17  IS 

■  _ 1 _ _ 

so  es 

I 

20  j  21 

BG 

32 

102 

se 

_ 

60 

20 

_ 

* 

543  S 

183  ; 
_ f 

if- 9  j  -i'oa nius’e  if  esaas  which  «zbiti«;d  ?J>a  two  type.?  of  confusion  on  eft®  different 
Jays  in  entered  in  Table  3. 


•Tnbte-  3. 


DAYS  IN  JUM5 

7 

8  j  9 

l  j 

10 

11 

J 

12 

13  | 

30  S 

Comosny  id  ■  tilled  ns  23 trite! ion  ‘'2.78 

'  BatTalioo  Identified  na  Regiment  J  0 

0 

0  j  0 

21.67 

17.87 

8.33 

i  2.  94 

I 

0 

0  0 

_LL 

IS.  00 

__ 

8.52 

0 

o 

A 

By  aaElyais  of  variance.  «t  can  bo  estimated  rX  the  S-perceot 
ccrflcLeaco  lavol  flr.t  there  tcro  diffu5.-oc.3sn  between  too  frequency  of  confusion 
typos  wMch  aro  not  duo  to  o-bsnee  rxi  furi&or  estimated  at  the  l>percent  conil- 
donee  level  that  the  difference®  between  the  frequency  of  auch  ccrfiuslocia  from 
one  day  to  another  io  nd.  duo  to  chance  alone.  Tha  results  cf  the  analysis  are 
tebdrted  in  Table  4. 


Since  by  nature  a  complete  unit  dael^-sSlon  is  given  in  each  esse  cf  a  pegs  pro. 
*oto  coo&aion,  and  clue®  there  cor.3titi'..o  a  clucu  cl  arro?,  they  belong  in  Euwroo 


those  which  Ml  into  the  class  of  typographical  errers.  Many  permit  intorpareta- 
ttoti  to  else  e>  tent  that  the  orlgtial  infient  can  be  diacoroed  with  a  high  degree  of 
reliability.  Thors  are  others  in  which  the  erroneous  aumbors  fit  into  the  logical 
form  of  the  manborlng  series  but  which  arc  not  represented  by  unite  actually  in 
fee  area  of  gtteotica.  These  era  osssmainsd  here. 


Smpiri.C3!  Data,  I. 

Karnber  errors  mads  by  V  Cospa  <32  *rw  saraawxiBed  in  Tfebl®  6. 


DA  YE  fit  JUMS 


Total 


Source  of 
variation 

Sum  of 
squares 

Degrees  cf 
freedom 

Kosn  |  ? 

equrro  ! 

Days 

74-3. 21  04 

a 

• 

92. £023 

14.61  ! 

T ipo  of 
confusion 

46.5230 

1 

45.52S0 

7.16 

(Srror 

30. 8303 

8 

. . . - 

6.3576 

I 

_ } 

Total 

SS9. 6022 

17 

j 

Since  the  dais  are  meager,  tho  analysis  of  variance  has 
not  been  performed.  It  appears,  however,  by  inspection  that  fee  results  would 
toed  to  reinforce  the  confusion  resulting  from  echelon  errors. 

(3)  Typo  H 

There  is  yet  a  third  type  of  numbering  error  in  viiich  G2 
recognizes  ‘.’he  correct  sories,  echelon,  and  location,  but  confuses  tho  unit  with 
a  different  unit  in  the  corps  acao  of  interest.  These  have  been  catalogued  in 
terms  of  She  result.’  ag  effect  on  iae  G2  picture  cf  enemy  locations  end  order  of 
battle:  The  errors  are  incorrect  epottinjs  of  units  present. 

V  Battalion  a  thought  to  be  a  different  battalions  of  tho  same 
ragiment  (or  another  GHQ  battalion  in  the  aame  series) 

W  Battalions  thought  io  bs  a  difforont  battalion  of  a  different 
regiment  in  the  eamo  division 

X  Battalions  thought  to  be  i\  different  battalion  of  a  different 
division 

Y  Regiment  thought  to  be  a  difforei'l  regiment  of  the  same 
division 

Z  Regiment  thought  to  bo  a  different  regiment  of  a  different 
division 

Cg  =  V  *  tV  7  X  Ccafusicag  resulting  from  micidentificationa  of  battalions 
Cp  1  ¥  t  Z  CcnfusionB  resulting  from  niisklcavtificaiiooB  of  ragirronts 
WrXrYtZ  Confusiono  resulting  in  misplacement  of  regiments 
X  ••  Z  Gocfuxioaa  resulting  In  misplacement  of  divisions 
Empirical  Data*  £L 

The  confusions  are  presmted  in  tabular  form  in  Table  <3. 


Table  $ 


June 

6 

7 

8 

8 

10 

~iT" 

_12_ 

13  I  30  r Total  ? 

V 

1 

1 

0 

0 

0 

2 

0 

O 

o 

w 

2 

1 

0 

1 

1 

0 

1  ;  0  :  7  ! 

i 

X 

0 

0 

0 

0 

1 

1 

0 

0  0  ?. 

i 

f 

Y 

0 

0 

0 

0 

0 

0 

0 

I 

o  !  o  j  o 

i 

7. 

0 

0 

0 

0 

1 

1 

0 

|  j 

o  i  o  »  2  j 

15 

.Sources 

*  | 

1  CB 

3 

2 

0 

! 

2 

4 

0 

10  13  ; 

' 

c 

J  R 

0 

0 

0 

0 

1 

1 

0 

0  0  j  2 

_ 

_ 

—  — J 

_ _ _ 

[  | 

Taa  cumber  of  b&tiftlioco  aad  reginjaafa  present  In  tbs  V  Corps  zom  ok  interest 
is  gSv«u  in  Table  7. 


Tv.hle  7. 


To  *XAmine  &a  ridss  isfcsrecft  in  pooling  this  cUtfa  sin  analysis  o£  varioace  in 
inciutkU  in  Table  8  wfcScSi  indicates  no  significant  e£f«sr«  either  of  days  or  type.-  ? 
of  occlusion. 


Table  8. 


Source  of 

Sum  of 

D-ngroen  of 

Kear 

F  ! 

variation 

riunroe 

freedom 

square 

De.js 

si.zses 

8 

4. 9050 

<  1.0  j 

Type  of 
i  Cocfosioa 

IS  1491 

1 

4 

4.5373 

» 

| 

Error 

1302. 06tf 

32 

40.6889 

. 

; 

_  _ 

i  - - 

j  Totc.1 

1358.4327 

44 

_ 

With  this  iiscuraacOj  all  Sypco  of  battalion  micidentificaficna  and  all  regimental 
misidmtiflcationa  are  pooled  together  in  Tabic  9.  The  analysis  cf  variance  In 
Table  10  shows  la  significant  difference  between  types  of  confusion  or  between 

days. 


P  June  j  6  |  7 

C0/Bn«  f  26. 0  22.0 

13 

'  C /Bogts  j  C  0 


Table 
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2.  SSatix? :J.csl  Axstilysia,  Difference  Estwesa  Days 

The  data  proasnfod  £a  this  section  indicate  that  errors  in  recogni¬ 
tion  of  enemy  imifcs  vary  on  differed  days,  aa  iiio  case  of  revs  rro  trite  octtfmlo?is 
a  significant  vlLff«XGac0  v;*js  no'c-d  in  the  frequency  between  days.  Analysis  of  the 
d?*ta  in  TnHo  4  ladloatas  aa  IrAracltsa  ocrvolalioc  ©oaff.ciani  of  0.  62  with  25- 
percent  oa \M.ecco  liaaitis  0. 17  to  0. 77,  diecuossd  in  dctnU  in  Appecdii  A  by  Dr. 
Spxingiw.  TMs  tLv.*lyzio  ladttcatas  that.  a  isrg®  jaart.  of  She  mrfeuce  In  the  total 
fro^.iency  of  such  ccaSuolras  to  duo  *o  the  diSferoaos  "bst  wc m  tfea  finaquoacy  on 
dtfY®r«xtf  days . 


Tha  data  represented  in  Tc  fries  a  and  10  do  net  eupport  a  statistical 
hypothesis  that  such  significant  differences  ardst.  Howsvar,  the  data  as  j..re- 
sonted  in  Fi£>„\re  2,  v/hila  meager,  do  not  refute  the  suspicion  that  errors  In 
identification  of  German  uni '"a  occurred  meet  frequently  during  periods  when 
contact  between  V  Corps  and  the  Germans  me  being  established  or  had  been 
brofrin.  Such  periods  are  Juno  6-7  snd  June  10-11. 
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- - Cg/Ragts  (Table  6) 

Figtr:©  2.  Frequency  of  errors  plotted  againrt  calendar  days. 

The  tendency  toward  smooth  curves  suggests  that  there  might  bt 
interaction  u  betv/eeo  days.  Tha  difficulty,  of  cour  se,  lies  in  defining  the  days 
in  such  a  w»y  that  they  can  bo  groups  This  would  roquira  that  the  entire  front 
of  thi  corps  N:  in  ’rhu  camo  state  at  tb.n  same  tim*.  The  chances  however,  of 
ti'Jfi  happening  arc  slight  unless  the  corps  is  taking  part  in  an  ovor-all  army  push, 


ic  boixg  attacked  all  along  its  front  by  an  opposing  army,  or  'die  entire  front  ia 
quiescent.  Those  coo.ditio.-B  are  nearly  e&tiofled  in  ibis  instance,  if  portions 
of  the  front  aro  active  and  other  portions  are  Inactive,  there  are  an  infinite 
number  of  populations  oi  day  a  which  must  ha  sampled. 

In  this  particular  case,  the  same  state  prevailed  eleng  the  entire 

V  Corps  front  cn  the  night  of  d/6  June  (the  day  of  the  landing).  The  data  arc  0.3 
of  tl-ve  cloa.  of  the  first  day's  fighting.  With  the  withdrawal  of  S52d  In&c&ry 
Division  from  defensive  positions  along  the  Aure  River  to  the  Alls  duriivj  the 
night  of  9/10  June,  virtually  the  same  state  prevailed  along  the  front;  namely, 

V  Corps  troops  were  out  of  contact  v/iih  the  Germans.  The  rocumption  of  the 

V  Corps  pi;s:h  southward  took  place  on  li  June  and  crest  2d  essentially  the  same 
situation  that  prevailed  on  G  duns. 

YS  ti.3  data  were  to  ho  subjected  to  f.  tima-ceries  analysis,  the  zero 
time  would  fall  on  5  and  10  June. 

If  the  entire  -  ' ' ;  jeace  problem  were  to  be  attached  on  the  basis 

of  &  time-series  analysis,  it  would  become  quite  costly.  Every  echelon  and 
typo  of  unit  (H ,  . .  tor  every  state  of  combat  {attack,  defease,  end  quiescent) 

constitutes  r.  separata  aeries  to  the  writwg  degrees  of  identification,  Tho  snrdy  ” 
would  nave  to  bo  based  on  a  beet  estimate  oi  H  and  would  be  possible  <*ily  where 
complete  unit-  records  arc  available  for  the  intelligence  targets.  &;di  n  project 
is  economically  feasible  only  where  additional  pay -0 Ufa  can  be  obtained  from  the 
detailed  reconstruction  of  R. 1 


‘This  rh-O.dd  not  ba  interpreted  ua  iroplyicfc  ?hc,t  the  time- series  analysis 
Is  unfeasible.  Such  rccon,  vructfrras  of  II  in  certain  actions  hnvo  been  made 
am!  rend  exploitation  through  reconstruction  of  R  Recon  at  ructh-n  of  R  and 

B  in  real  tlrno  is  useful  for  a  multitude  of  purposes. 


B.  Location  Errors.  Errors  In ' 

Two  typen  of  location  errors  arc  possible.  They  are  measurable  in  the 
first  case  between  il.  and  K„  and  in  the  second  cas®  between  B-, 

'V  B(»1)  B<.'r  v 

and  the  nearest  R.  .  >,  that  is  the  dls,  trace  between  tho  identified  unit  (whether 

*°1*  V 

t?.a  name  Ic  known  or  not)  and  the  nearest  actual  unit  of  the  same  class.  The 
fiocond  erwo  is  liitorortt-g  only  where)  unit  identification  is  inccmp lets  s. a  to  number. 
Xa  a  total  if  S' 2  con  msu.d  post  clays  full  types  and  echelons)  only  I  command  post 
v.-ai»  locate  without  Iinov. Ic  ’jc  of  its  cnmo  <0.  29  percent  per  day).  in  a  total  of 
133  ba.-  aliti  ■  ays,  only  5  toittallc*:  [2.7  percent  per  day)  und  no  ragirosnts  or 
higher  unit»  T/c.ro  located  by  typo,  Rise,  and  location  without  mention  of  nnr-.e. 

Ifce  {riven  point  was  on  the  main  line  of  resistance  s.nd  was  occupied  by  Germans 
but  not  by  an  entire  battalion.  Since  identification  without  knowledge  of  name  to 
so  rare,  it  snows  advisable  to  restrict  attention  only  to  measurements  cl  error 
of  tho  first  cs.ro.  These  are  treated  In  Burros*  study  as  radto.t  ruiss  distance. 

Another  type  of  location  problem  la  related  to  the  degree  of  precision  if 
the  location  statement  to  dimension  i .  Since  units  occupy  areas,  tfee-ir  location 
can  be  indicated  by  a  point,  a  line,  or  an  area,  representing  increasing  amounts 
of  Inf  >rooaf  lor  sed  increasing  prsctoioa  of  location.  For  the  purport  of  colliding 
data  on  V  Corps  intelligence  in  Normrr.dy,  use  was  made  of  the  following  ciiiosjor- 


1.  Po£5'tion  AoBertiooe 

a.  Susitemacf «  Independent  of  Line  of  Contact 

A  Position  of  onsmy  unit  given  relative  to  other  enemy 
units  (“betcreen,  1  -bafeind'1).  Ibura  wore  no  c-xia.pl  ec 
in  tha  period  selected. 
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>3  Position  of  ensmy  unit  given  relative  to  US  unit 
Bog  opposite  an  army  group  {Ba  C  Bag} 

Ba  opposite  an  c 7 my  {z  C  Ba.  '  ,  Bog} 

Be  oppoelie  a  corps  {approximately  equivnlont  to  area  Zj 
3d  opposita  a  division  {Bd  Z  C  Ea} 

Br  opposite  a  regimes! 

3b  opposite  a  battalion  {Bbc  Br^Bd<£  z} 

b.  Statements  about  Units  in  Contact 

C  Point  within  area  of  unit  (‘‘vicinity,  ’•  hohx. cl- ) 

D  Front  Una  and  fccuradarios  specified. 

c.  Statements  abrxii  Units  Not  ii>.  Contact 

E  Location  near  a  point  (“vicinity1  •} 

F  Boundary  of  area  occupied 
2.  Error  Measurements 

a.  Pere«it  of  Units  Identified 

Hie  idsstificaiions  fraction  represents  the  ratio  hatevsea  U\3  «naa 
over  days  ef  units  identified  end  tha  sum  over  days  of  the  units  prosect.  The 
percent  identified  is  based  on  this  fraction.  This  pare  eat  is  further  subdivided 
into  the  percent  of  total  units  present,  identified  according  to  each  of  the  location 
statement  categories. 

b.  Reliability 

Each  category  of  location  etuteaneni  ?/&s  ccored  for  reliability 
in  terms  of  correctness  or  iccorroctncaa  with  a  measure  of  the  magait-vde  of 
errors.  The  question  whether  Categories  A,  B,  B,  and  F  oorrcctly  repress anted 
ths  unit  l ocaiioD  tan  b-c  answered  tlyei»;t  or  ‘’no1*.  "the  answers  are  evaluated 
respectively  aa  10  and  0.  The  reliability  is  the  mean  value  of  tfcss©  answers. 
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Scoring  for  Categories  C  and  E  in  aomowhat  ir.cro  co:/:  plicated 
disco  they  reprossai  points  within  areas.  In  tie  csso  of  front  liivi  ----'is,  V  eorpc 
G?.  normally  designated  r.  pole*  not  ca  fclra  £rca*  Una  but  clono  io  it.  Tuo  actual 
Iccatiosi  tvas  taken  to  bo  the  nocrcst  point  cai  tlia  £a-cc.$  iir.o.  U  i  I  s  projociicn 
fell  rfi&in  She  unit  boundaries  If  was  scored  a  hit;  ii  otiScids,  a  rales.  &  the 
case  of  unite  not  in  contact,  the  location  ns  :red  a  hi.  U  ft  •  point  Identified 
lay  within  tfco  tali',  boundaries. 

c„  Dietance  Errors 

Tfeo  moasiTremaat  of  errors  ■axis  the  dietance  Iron;  the  actual 
but  crrcncotiB  location,  statement  to  the  nearest  point  on  tl>3  *asp  rrhich  wald 
have  received  ?  correct  cc-oxa, 

Tb®  slgalfloanc©  of  this  error  is  as  follows. 

L-sfc  this  distance  be  desiccated  e 
asd 

d  diameter  cf  the  unit 
T  rfvdi.ua  cf  effects 


than  by  necessity 


r19  d  +  o 


3.  Empirical  Data 

TABLE  1  »Ijjs'3  iha  V  Co*pw  luSslligftite  product.  la  torrua  of  Iccnticn 
etat«m«n£*.  All  data  era  pooled  by  type  over  days  because  there  arc  insufficSeof 
data  for  more  rafLowd  treatment,  To  attain  e.  riegvoe  of  generality,  data  from 
savaral  oorpc  could  Ir.ws  been  nccsCKry.  Cooejueicao  oan  bo  only  tect stive  and 
arrive*!  at  ty  inspection  of  tbs  tsbls. 

a.  V  Ccfrpo  <32  tended  to  i&rw  Catn^-ory  C  for  unita  in  ctaLact  md 
Cafcoory  B  for  units-  no.  ia  coafact.  Ifca:*®  rtataniGafc*  merely  lefcaiitf  a  point 

ie 


■  .. . 

'  /  -A  A’  .? 


#»u  ~T I  I'll  iiifc.ii  iHerratyrn  mw\x 


i 


within  t to  rjPOG  occcpied  by  a  visit,  Thay  contain  littlo  information. 

b.  Catagcry  D  implied  knowledge  of  wait  boundrrice.  Tide  ms 
cat  ucod  at  aU  fci  the  cgsj  of  bsuiaiicuB  sod  only  in  the  ooce  of  3  percent  cr  regi¬ 
me;  '-s.  Thi;  category  im plies  sere  information.  tlzs.n  Category  C.  Enowlc.go 

.  ;ica  x.  .  - ■  h  .  v  •  •  • . ,  . : .. v ■ 

boimdarlos. 

c.  Hot  knowing  the  loesiioc  of  Gorman  division  bouadsiriaa,  V 
Corps  02  did  not  make  location  aia.tom.ssAQ  other  thi-.a  in  Category  3  nbc.it  divi¬ 
sions  find  corps,, 

V„  CONCLUSIONS 

A,  Th a  model  end  the  method  of  untilyals  both  are  workable,  esd  might 
. :  .  :  ,  .  '  ■ 

fn.  war  gF.mas  ard  training  ossreises. 

B.  Though  the  data  or.  which  this  memorandum  was  based  were  too  meager 
to  permit  erhimatsa  o?  error  frocjueacios  by  type,  the  data  did  reveal  statistically 
Significant  cii fersacoa  between  the  frequency  of  errors  on  differed  days.  This 
variation  seems  to  vary  systematically  with  the  taciioai  situation  a3  a  function 

of  the  olosccsas  of  contest.  TLisrefcre,  a  modification  of.  tho  model  to  dstarvuino 
a-  ror  fraqooselos  per  day  with  days  classified  by  provattlng  tactical  activity 
asi^fet  roswesaot  a  significant  imimovement. 
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Foo'':aut3fl  to  table  ca  precedes  pngo 


a  Blentlilc&ilcn  fraction 


Sum  o i  units  k  days  '  j 

Sum  of  units  x  days  present 


b 


The  linear  errors  fail  Into  -. roe  classes: 


1,  40  foa.  An  error  in  placing  a  battalion  because  of  mieh  .c  :prc- 

taticn  of  tha  num’.c  Ing  nystem.  The  9th  Co.  -  belongiar  to  the 
Srd  Battalion  of  a  Regircont  was  identified  a.,  belonging  jo  the  2d 
Battalion.  The  company  tins  correctly  identified.  Tfco  Order  of 
Battle  team  made  the  error. 


2,  Errors  arising  from  loss  of  contact.  The  £5 2d  Divl?c.  .n  with 
drew  on  the  evening  of  9/10  Jims  to  positions  on  the  l  Ho  River. 

V  Corps  did  not  it-rulid  ain  contact.  V  Corps  identifi  id  strcgglors 
as  representing  the  division  and  was  deceived  by  <i  a  active  re¬ 
els?. -..ace  of  17 'a  £C  E  :conaiosnEO'3  Battalion  into  thinking  it  v  o 
opposed  in  force. 

Error:  gmeaa  devh  ion  from  tha  mean)  18. 4-7.7  (8  cases) 
(jnedian)  13 

18  km  represents  ximatoly  the  divisicr  Croat. 

3.  Normal  errors:  {*nc--..a  deviation  from  the  moan) 

2.7  i  1,2  (12  cases) 

(median)  2.6 

ft  is  worthy  cf  note  that  the  mean  deviation  from  the  mean  in  3  in  rdxrat 
twice  that  of  C.  This  seems  reasonable  in  vie  w  of  t  o  fact  tliat  the  divl- 
sIod  withdrew  In  forma  1  merely  rearranged  s  some¬ 

what  within  the  regisnento  bat  did  not  rearrange  the  order  of  the  regiments 
in  ths  front. 
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Xhm  *ercm»<xw  {oca«5oc  ?«!.»*  2d  by  1  krc,  fee  ct&ar  w&£  withti  100  -u, 

Tii*R!»  Artiitary  &?;$■&»  cw.ai33MUT.ti  po«te  ■•orros.oo  3  tv  Vb  .  w  nt  Artl«J»ry  j’©Tt?q:art©ro. 
Thasa  AriUlary  Hoftimant.  compound  poai*  conrotiyond  f-o  Uo  DWisJcu  A-Hll.'ary  h«sui«£uart<wo. 
'V-p-n  Brroi’a  we„-«  bo*!*  SO  km  and  oocurr^J  on  »  and  9  4uae, 


Footnotes  to  table  on  preceding  pagec 

R  The  synabola  given  in  square  brackets  refer  to  the  terminology  adopted 
and  explained  In  the  discussion  which  follows.  The  numbers  la  paren¬ 
theses  under  s  are  the  iv.rn.ber  of  cases  on  which  the  frequency  per¬ 
centage  ia  based. 

The  distribution  of  location  errors  ic  not  treated  in  this  BTiemoranduai 
since  tlie  data  3  covered  on  a  broader  basis  in  Raymond  Burros'  COHO 
Report.  The  location  errors  ranged  from  0  to  about  25  km.  Tire  dis¬ 
tinction  between  correct,  used  incorrect  location  is  diocuosed  on  p.  15. 


APPENDED  A 


THE  INTRACLASS  COItRELA  TION  COEFFICIENT 

Dr.  Mel ’/In  A.  Spring? 

R.  A.  Fisher  has  Introduced  tho  notion  of  intraeiass  correlation  na  a  measure 
of  tho  variation  of  the  mean  values  from  clar.3  to  class  when  N  variates  (items) 
are  grouped  into  k  classes  of  n  variates  each.  In  order  to  define  the  infrscl&as 
correlation  coefficient,  we  must  regard  tho  model  for  the  analysis  of  '.Mr-  cuo-v  iy 
classification  as  a  Linear  Hypothesis  Model  rather  than  a  Components  cf  Variance 
Model  If  a  Components  of  Variance  Model  ia  used,  it  is  necessary  to  assume  that 

for  any  class  ?he  variate  la  normally  distributed  with  some  mean  and  with  a  vari- 

2 

arcs  o  which  doe3  not  charge  from  class  to  class  In  order  to  employ  the  Linear 
Hypothesis  Model,  wa  must  maka  a  further  assumption;  this  assumption  is  also 
necessary  in  order  to  define  Clio  intracless  correlation  coefficient.  In  the  Compon¬ 
ents  of  Variance  Model,  tho  mean  values  for  different  classes  have  been  considered 
as  fixed,  unknown  constants.  We  now  consider  on  infinite  population  cf  different 
classes  such  thc.t  with  eech  el  nan  is  associated  a  normal  distribution  with  &  mein 
value  p  and  standard  devlf.don  a  expressing  die  distribution  of  foe  observations 
within  that  class  Again,  it  ia  assumed  that  </  ia  tho  same  for  all  classes,  but  p 
itself  is  a  random  varlablo  normally  dioiributed  with  a  certain  mean  v  und  standard 
devnfsUon  a1.  The  Is  clannes  observed  constitute  &  random  Btmplo  of  site  k  from 
the  population  of  classes.  m*I  the  corresponding  memo  values  p  ,  p  ,  . 

ara  a  random  sample  from  a  normal  distribution  with  «  mean  value  v  and  standard 
deviation  <j  !  In  this  formulation,  tho  null  bypothesii  M  ^  •  P  2  *  ■  •  *  ""  M  ^  can 
bo  expressed  m»  o  1  *  0,  since  o  1  -  0  means  that  tho  variables  n  ia  really  a 


coT-stant  • 


If  thin  one-way  clmsiScation  Jo  analysed  by  a  Linear  Hypothesis  Model,  tJ*s 
Xntraclass  oorroiaHca  coaTficioni  Id  the  population  from  which  the  k  classes 
Trove  drawn  may  be  defined  jvb 


Pi 


tt> 


oo  that  teaU:\T  the  hypothesis 


ie  equiviJ erfc  to  t  esting  the  hypothesis  : 


«_  »  0 
Ki 

A  significant  F  implies  that  pj  Is  significantly  different  from  aero. 

Vn  unbiased  sample  estimate  of  the  population  infract?.  r:i  cm  rcl  tion  co 


P 


I 


if) 


where 


¥•> 


Reducing  Fraction  2  to  Its  lowest  t*rnie  end  dividing  the  numerator  a; id  donomin- 
afotr  ol  tiu  reduced  fraction  by  S2 


(3) 


. 

sj-  i-  ta  -  1)  5* 

A 


7 - 

*4-  v  (a  -  I) 

IT 


Since  — s-e  F  8*0.,  fcse  the  ¥  distr  lout  ion) ,  Jiqjmtian  3  becomes 
ST 


rX  " 


-JLzX- 

F  +  n  -  1 


We  are  usually  iatorGsted  either  In  testing  t&o  hypothesis  p  *  pQ  ov  In.  estab¬ 
lishing  fi  .100  $-p}  percent  confidence  interval  for  pr 

Consider  the  ratio  ^  ■=-  p  may  bo  written  In  iba  form 

p*  1 


Tho  .  arUMa 


F 


/  8  "  ^ 

rz  7i  \  o  2 

;  <r  <*  nc?1  lJx 


\  TT  > 
\  *  / 


a  >  no 


hulks  F  df&ributicn  wttfe  k-i  and  5sm  ■  :l)  degree*  of  freedom.  iJtviding 
nyjners-irj*'  arid  ckx»ndr®.t©2r  of  51qv«&U<s<  b  by  a  ,  we  &rv« 
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'Sbei.  la,  we  ere  asw  concerned  with  a  now  F  varls&ia  sU(^>  consists  of  th©  original 

F  rartahlv  Moneted  by  ?*)  mal£3|*ll«d  be  tfca  iaoto'?  — -L-  To  fee*  by$oihfc*ki 

1  4  aAZ 

ttet  Pj  -  0  *0  for  days,  we  net©  from  tih*:$accr*B  W  tabla  Lh&i  the  6-perc«ai  criti¬ 
cal  Vfciu  i  for  *.  and  3  dr^ot-a  of  freedom  to  F^  -  3. 25  while  for  I  tu»d  8  degrees 
of  fr&^lojn  it  is  Fj 1  ■  ?.  40.  Tfee  two  orftloal  values  we  nre  intar@*ked  to  am 


F1  “  3  c* c  23.  Wa  reJec'i  tlio  hypothasia  Pj  «  0 .  €0  If  end  only 
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if  tbs  inequality 
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is  ret  satisf  ied;  ami  is,  if  and  only  if 
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dOQ3  net.  satisfy  the  ccaeatioo 
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Since  — —  j  *  l  V§(',  5*  **  ®2*  inar'.sllty  (Equation  9]  is  saticfiod  and  vyo 

do  net  reject  ifeo  bypotheais  Pj  »■  0.60 

A  100fl~p)perc«Bt  confidence  interval  for  pj  Is 
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where 


and  wliare  and  F9  ate  tho  lower  and  upper  lOOp- percent  critical  values  of  F 
Thus,  In  the  oaso  of  4ao  intraclaas  cerroiiuion  coefficient  for  days,  rsa  have 


1  9.05 
9 i 3.23 


0.20 


AiaSft-J 

9  ,0.29  7 


3.  36 


*2  X  2 

Ai  a2 

so  t*sU  — »  0. 17  and  •>  -  *  0.77.  T&erofore,  t!a®  oaporcert  ccofldgEtce 

l*Aj  1>A2 

interval  for  pj  is  (0.17,  0.77}, 

*1  ebould  lx:  pointed  cut  tb&£  a  E'lfcnliio&xit  F  la  the  above  cnocmple  indJoa&t  s 

bnt2;  .bat  rr_.  2  0  ft»d  Wat  the  assoclctod  ir-traciaes  ootral&Uou  ooofOcieot  i* 

•  iwyi 
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significantly  different  from  zero.  it  list  i«  nil  we  arc  interested  In.  ws  may  step 
at  this  point.  If,  however,  v?o  desJxo  a  86-pei  cent  coafldsara  interval  for  p 
we  must  proceed  as  indicated  above.  2  ie  important  to  note  itafc  ■we  cannot  obtain 
said  confidence  interval  by  merely  substituting  F.  and  F~,  respectively,  in  th  : 


formula 


Such  a  substitution  -q  the  days  classification  gives  fho  interval.  {-  0. 05,  0. 2C).  v.;.  ice 
clearly  differs  from  the  correct  interval.  10.17,  0.77), 

In  the  c&sc  of  the  days  classification,  the  significant  mesas  that 
ftfce  variance  between  day  means)  constitutes  a  large  part  of  the  Lptg.1  variation 


•*■0  ♦  £T 

s  Confusion  Error 

R-  should  to  mentioned  that  the  lower  endpoint 


of  the  ooitlidenco  inter 


val,  Equation  10,  will  be  negative  if  -=-•  <  1.  This  would  socm  to  indicate  that 
,2  * 

<r  in  Equation  1  may  be  negative,  wbirfe  in  clearly  impossible.  Such  a  result  is 
due  to  B  e  fact  that  coxae  oon&ro?.  has  mads  the  sampling  noa-racdom-  Either  fie 
observations  within  the  columns  have  been  spread  artificially  or  the  column  meanr 
have  been  compressed  into  a  range  smaller  than  that  ordinarily  found  in  .vamp) in?. 


